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(57)Abstract: 

PROBLEM TO BE SOLVED: To transmit massive 
data without increasing a bus width by processing 
a current amount as transmission data and 
applying multi-level processing to current data. 
SOLUTION: The semiconductor integrated circuit 
has an input circuit, an internal circuit and an 
output circuit The input circuit has an ADC 1 9 
that converts multi-level current data received 
externally into sets DIB0-DIB7 of data of a binary 
voltage level, the internal circuit 18 receives the 
sets DIB0-DIB7 from the ADC 1 9 and outputs 
sets DOB0-DOB7 of data of a binary voltage level. 
The output circuit has a DAC 14 that converts the 
sets DOB0-DOB7 outputted from the internal 
circuit 18 into multi-level current data and 
provides an output externally. 
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nicM^-T 4 L S I T-BU ¥a!¥f**«lHlES^MMT-^« 

{iff^coe^ftfr^d-tft^h-rs. ^-^©s»ste 

% fttT 5 m-^iz Si, **S*jtr 3<Bfl i: SfsfflO i: # 1 M 1 
T*&£©A S H£ bV>©T% f«t^i<»f-^ • (s^-ft 

[0 0 2 2] «SKtftbDH&P&£ 
CilCflUt, t 1 -* (tt%) ©^Wtftff^o C© 
SM©#Wbii> mE-CDZmfcttk^TS J i?> 

*©£g<f#nJi£t&3. 

[0 0 2 3] WT, Haft#^bt*^S?©Hffi©ff^ 
[0 0 2 4] <* 1 HSfi^>0 1 fcfc, ^rHJE^ffiic 

ii©Ls kchip-ajh©^— ^ai^jisis&^m^tti 

$&2©LS I (CHIP-B)^©^— ^-Ailllg&a#^ 
L0 0 251EP*., I ii©5 i --3Hlttr@!&gB 



fciu i*)a5[p]s&i3^e>ai^^ns 2<a©sff7 ; -^ft^ftt 

<b"t" 5 digital-to-analog converter (DAC) 14i:, 
3©D AC14©tB^DACoutft#tf©S^filh bT^T 1 

— ^aicui*-*-* ta^* v -? 7-m<DP mo s h 9 > ^ 

05 *#15i;ftW-r£o 

[00 26] ±l2^gp^-^^l* i f > #tt©SlSA s A^ 
•r§^2©LS I ^©^-^A^lelSSgPliv buIBA-SP^ 
-^^^©A^miftftSltSA^n^rfflWNM 
0 S h^> v^.^l6i:, c:© h ^ >^^^16{c* W > h 

10 5 7-8^S*ifeNM0Sh7>^^17i:, CCh? 
>^^17^^n5S»fuADCinft, ZaoWE**— 
'S&U rtg)J[H]K18{C#t$g-f analog-to-digital conv 
erter (ADC) 19fcft^-ri.o 
[0 0 2 7] ±IB«fiE{c«tn«, il«LS Illfcfc2ft 

z> ^mt b tznffi?—? ft 2 fi©mE t 1 — * k ut 
m^tu-rc £-&ajmx-&%o bfe#oT, jt&©Lsi 
© mt?*m» =r- *m ft *r b t ^ »t b t*^-* ft 

[0 0 2 8] <*2fESfi»!»>BI2tt, 

i^LS i©-gBft^-r^D-/^EiT-$)2)c crr-it 

©L S I (CHIP-A)21ffl^— *ffi#II]S&g|3#SifcA 
*K KCHIP-BjZZC^-^A^ES&gB^SSK 
25 tli^T-*i)Jyi-&ffl^^7 1 A^ft@BSfl1]{C^bTV>5. 
[0 0 2 9] BP*., ilfflLS I21©5 ; -^ai^lllE&a5 
ti> rtaJUSS13^^tB*^n5 2ft©«£E7 ; — ^ft^fifi 
-fb-T5DAC23i:, d©DAC23©m^ft^fB©«^ti- 
»f5PMOSh7>^^24J:, C©r^>^** 
30 24ipfj#-fit©a^ftS(t5NMOS h 5- >i^X^25h> 
d©b^>^^^25(C*t-> h ^7-tS$nv ^fft© 

iif-i' ft^gp^-^i^i^&isv'ijitrffi*^^ '?77 
fflfflNMOS h^>^^^26i:ftW-r?.. 
[0030]S?2©LS I22©7 r -^A^J[HlSSa5(i, lu 

35 ia^sp^— zmicmmzti, ^(totsr-^^tt? 

tbb, HuI3^-ffl©SSt7-*-^t:J*bT2M©SJE7 r -^ 
fcK*U P>lgP(H]S&18i3Wi|&-rSADC27ft*-r5o 
[0 0 3 1] ±EI(lJfRK: J:*itt, BuizJiUfe^ l m&BM 

tL mmiz, iiclsi tv&2m.<r> , m&.=r—$> ft#wb 

40 bfeS^-^ft^gU^-^iSgltCtii^b, $2®LS 

1 22ii^gB^- *m-t»t>At>-rz> &m<t b fcm^^- 

* ft 2 {iCfiffi^- ^ iz bt 91 U-r C i: *« RlfBTf 

ft^- bx#fit<b bfcmsE^-* fteis qjtg^e^^^^ 

45 Aft^-T2.Cli:A s T-§S. 

[0 0 3 2] <m 3 H5Sff^>EI 3 tt, f£ 3 Hifgff^iC 
i5LS Iffl-gPft^1-^D-y^HT-$)S. 
^lfflLS I(CHIP-A)3LfcJ;U ; ^2©LS I(CHIM)32 
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2#©fl-gp^-*iSSla, lbCJ;»)aaE$nTV^4»-&© 
^X^AfitJj££^bT^-5o 

[0 0 3 3] ^bt\ &LS 1 31, 32i±. ^-^A^jIhI 

ss^fflT*— ^Mwcsaasn*^ — Kt. 5 s — * main 

[0 0 34] BP*,, IIOLSI ZKDT-f&timS&ttl 

it, mifp(omi(DLs iiKDT—paitimvmt.mm 

IZ, rt£fl[ll&13fre>|±S*j2ftS2{t©«JE^-#£^<it 
-fb-rSDACHi:, C©DAC14©fcB;fr£#fii©*i!itfc: 

[0 0 3 5] ilOLS mc^-^A^iaisgSB 
it, tt-SZT-fmblzmMZtl. IHl*©fS2©LS I 

i:, ^fi©S^S2{»©«E7 r -^(c^g|LTrtgB[H]SS 
13fc{fcf&-f 4ADC19*WTS. 
[0 0 3 6] — # % i2©LS 13205 s — ^AfclalBHB 
fciu ^»5*-^ISllaK:SIS*iXs itiJ§3tf! 2 ©L S 1 31© 

^-^A^msgaJhiBjat, ^m^mmxtiizm^xm 

«E* s 8SnSA^^y7Tffl©h7>^^16, 17ii, ^ 
ffi©Sgit£ 2{fi©SEE7 ? -*£g&bTrt£PII]£&18C{tt 
£ADC19£*-T2>o 
[0 0 3 7] Sg2©L S 132©5r— <!? &±)®$&8& 

it, ftuf3t« 1©LS 131©^— *a#EII8f»i:fiWfcN 
I*3SWeI»18*» & a* * *i 5 2 fgCSff^- * £ {b"T 
SDACMk, C©DAC14©{±J^£^tt©m»-^ 

L-r^as^-^^ibtUi^-rsm^^ * 7 7«© h 5 > 
^•^^i5&*-r5o 

[0 0 3 8] _h§B«Jggic <fc*l«, «&© LSI ©RUT? 2 
♦©fl-Sr*— *»la» lb£S'J*(::{£fflbT^fit{bbfc« 

[0 0 3 9] <S64 3aWB»>BI4tSU SB 4 fSJB&JISfc: 
i5LS I©— gP^^-T^D 'V^HT-^^o ICtit 
SB1©LS I(CHIP-A)41*5<tOf|S2©LS I(CHIP-B)42 

^n-en^-^A^sssspt^-^tB^iHi^aj©- 

* & «3 £ ft X ^ S *§^© ^ 7, A #tfi£ ft 7* b 
[0 0 4 0] Z.ZX, m 1©LS I41©t : — ^A^3[S]SS 

It/fflBttttJitfMfPStU sft2©L S 1 42©:r- * A 

— r;i/«-^wEB, tB^-f ^—yMn^oysMm ^/obbc 

LOO 41] ■€ LTv &L.S 141, 42i±, 7=— *A;«m 



s^*43, 4G%frLXK&7 : -t>!imffi;-Ymzitm 
izmmztix^Zo 

[0 0 4 2] BP*., m 1©LS UHDT—PlHtim&gl 

05 ti, 03^©^ i©ls izKDT-tmfjmsg&tmm 
os h^>vx#tt&fti;X*\-$ti5 : -s>mizmffitfi% 

10 [0 0 4 3] ^1©LS I41©7=-^A±;[i]S§gP 

it, 13(pfflf 1©LS Olffl^-^A^Hg&SBtlsMi 
©*/?££* U A^JrY TVHSWAfc: J: &Stt/# 

15 *\ \-?>i;x#n£ADC19£<DF3lz&, A2K *— 
r;Hf -^WEAlc «t t) ffilt/^NSttttffijWSJW* ft * * -i 
■yffflfflNMOS b5>:^;**45#Jf A£ftTO&. 
[0 0 4 4] LTv t&2©LS 1 42©^-^ tB^lnlSS 
SBfcfc, |1©LS I 41©t=-* tti^lHlg&gfl i: |e]«l©#f fiJt 

20 fc^-f ^gp^— ^«aiC^$*iT^StB*^W 

■yfffl©PM0Sh7>yx^46it mtij ^—yjvm 

5. 

[0 0 4 5] &tz, l#2©L S I42©7 ; -<5'A^(l]SSa5 
25 * 1©LS I41©^-*A£IIMSG^«©#ifi££ 

^gc^-^^i izmmztix^zxtiX'i 9 

fffi©NM0Sh7>^47lt A*K*— 7ft>>m^ 
WEBfc,fc»)ratt/#«ttttffi* J #J»£ft4. ^^ 
> ^ 17t A D C \^(Dmizm AZtlX ^ S A*^ -Y 
30 >J'fffl©NM0Sh7>^^48t), AtlJ * — 7Ms 

[0 0 4 6] ±13&L S 1 41, 42(i, 3 > h D- 

7«©lsi (H^-e-r) s&»e>t*i&*ix*M»e^i:r 

35 3-KbTBuE»J»e* (WEA> /OEA) , (WEB, /OEB) 

[0047] ±tmf&iz £tnt, mum l s i ©rat- 1 

40 * s T-Si>o 

[0048] <fg5^5Effj®>ii5{i, m5mmmmiz 

[0 0 4 9] iCT-tt, aSCDEAMS^Uffl^^ 
>; n > h D— ^SMz^r^ *J— <f-3L— >jg^(daisy chain 
45 connected)$tl, ^ t U n> b 0—^51*^^^X50 
{^^gigE$^^S^©^X7 : -A#J^^bTv^5. 

[0 0 5 0] ±IB^-r 'y—^-^—^Wit, Source Syn 
chronous Strobed 4^g»^tlTl^S„ -3**3, *a 

50 £fii-<s6-5 ( i^f s fil ^ e. 5 s — © i^CL^iryrT 
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(i, trvvVm^U (ZUvtV—X) 53^e.3>hD 
— 5 51 i: D R A M521CS*:^ d >y ^{l^CLK#«ii&£ft 

So 

[0 0 5 1 ] *^JT-tt> ^— ^fi^fa* 1 **!*.© 2 # 
©t 1 -**! (A^ffl^-^^fcS^ttffiAffl^-^ifca 
55) e^|Sl*SjR^rfiIO^hD-^fs^56S 

l*/8VT:fc*K ^t'J^V bD — v51£:DRAM52fc 
©F^T-^-*£>R;£ft££^£^£^LT02>. * 
fe, DRAM52©-StfK #];tfc£^© AtB^HSS©^ 

[0 0 5 2] 0 6«i, mb<Dfcmis7,7-l±<DmW<D—m 

[0 0 5 3] *n>v*{f^SjECLK(V)fc|S]»3LfeX hP 
-^ff ^*ESTROBE(V)(C <fc 5 j£§«©$OT£ <fc ot, 
A±;ffl t 1 - * SI54*> & ©^{fito;* ftfe A^S^- * In 

put( k)<Dmmxt)& xv&mikz txtz&timmT- *ou 
tput(A)©m^ffl^— ^^55^©«^m^* 5 fft5n?)o 

[0 0 5 4] <»6ldBK3B>BI7tt % *6£ttffl2flBfc: 
[0 0 5 5] ^©eill^^^AJi, H15(c^bfc^53l 
i: LTe^lpJ^^lfil© 2*7 V n—ri&imu 62 

[0056] <»7£iBj&«>ia8tt, mimmmm^ 

[0 0 5 7] ^fflfe^->^^A(i, H7iC^l,fcS§6* 

#ft© i#©^— *^i£ffl^Tv^^#M&.?>o ^ 
T> Sfc, DRAM52©-gB£\ 0S*.t«©AttWjE|g& 

[0058] is ©eat^-x^ Aomtn-m 

[0 0 5 9] * □ y ?{g^*ECLK(V)fc|3»8 LfcA;*Jf&l 
#OT©* rD-Xfi^SI£I-STBOBE(V)£=toT, WJ5 
ft^-*iiS7ia>£©#^b£ftfcA;^-*Input(A)© 

STROBE(V)lC io"C> ^tt-fb £ fife iti *J Sifc^— £ Outpu 

[0060] <i8Wi>iion msmmzm 

£ m 3 > 7 =f- A £ ^ 1" 7 □ s» ^ 0 x- & & . 

[00 6 1] CCT-fct, ffii&©DRAM102#HI©;< 
tU3>b a— ^lOltcx*— }gM(star connected)^ 
ft, ±i5^ : &»;n> hn— 7l01^^^i00(3jg^^ 
ftTl^ 5^^©fK^vX'7 i A©#iJE£<£:7F LT^So 

[0 0 6 2.1 ±E^^— S^trtts Source Synchronous 

»jn>ha— ^) ioiiiai&©DRAMia2iicD^*yu 



7 s -* ©£§«£{£ 5 X hD-7{f^STR0BE$rffiffl 
■TSo *^JT(i, ^D^^M^-igl03A^p<^ U3> b 
D— 7l01i:DRAM102{C^D y^iflfftfefet&sn 

05 5. ^€'J3> bn-^101t:DRAM102i:©^ 

<0/^S8l»H:, *#[tU©2#©^-*^104, 105, MJj 
ffil©l*©^ hD — 7 r fl^l06&fflV''i)J®-&$:^LT 
V>So DRAM 102©— nP^-v #J;tfcf-£©Affi;fc/ 

@S&©SB7>fc£, m 1 ~H3©OTtl^(3^UfelH]ESi:. 

10 I^K©******. 

[0 0 6 3] ±i3 bfe^ 5 mmnm~m s mam 

15 [0064] <^9 mmBm>m 9 ussyf^tt, #»b 
c^sfe^^^Ata-g-r-ij lsi ©^-^tB^mss 

SfS t !Si(t 5> D A C £ 5 o 
[0 0 6 5]Hlltt, SB9|QtJ&!Bt«SDAC©- 
09*^-rieIfiS0-e$.So 0 1 lCtt, 0J;ifc£8tf 

20 y h©2jiiSJE^—^ (binary voltage data)D07~D00 
lOilfljfc^—T 7 (denary current data)DACoutiC^ 
itSDAC©- #y#^£ftTOSo 

[0 0 6 6] Ell HZTTst^olZ, *ip«Mlg(referen 
ce current source)ffl©NMO S r v >i^^^N0iC^L- 
25 T\ 8fH©S^ft(tS»SiS(weight current source 
©NMOS h-7>^^^Nl~N8*s*U> h 
tlTV^So ±reS*tttt«*»ffl©NMOS b^>^^ 

^Ni~N8tt-en^en. »sfims5iiSffl©NMos 

X^N0©Sifitfii{Ctb^T, lfg, 2f&, 4fg, -N 64fg, 1 
30 28{g©««fcfit£*$o e fcd£1MX (Wi s Wixl28) 

[0 0 6 7] ±IBNMOS h >^^^Nl~N8C^b 
T^-T '^fflfflNMOS h^>^^^Sl~S8©§— 
S«l$nT*5, ±|BNMO S h^>^^^Sl~S8©^ 
35 ib«ltt— JS**iTft«ffl©PMOSh5>y^*PL*^ 

i?^^Sl~S8a:, huIBNMOS h 5 > ^ * H0O««Eflt 
SlJptbT, Ifg, 2fg> 4fg, -s 64{g, 128fg©m^ 
ffiS:»oJ;aC:-9-^X (Wo, Woxl28) 
40 TV^S 0 

[0 0 6 81 hfgNMOS h ? > i^*Sl~S8©4*- h 

ttt-€-n-en, 8tr>> hcajtsE^— *©> ftT^tf 

>^ hD00iP?.ft±:&br-y hD07A s -en^nA^J^nS o Z 
ftC<fc»K illi:^tDACft ±ENMOSh?> 

45 v z si— S8©— m&m s-vizffi.nzDAg.&mJon 

^SDACottt^l!5^ l ^Jitr<t -5 KHMtt- 5. 
[0 0 6 91 EH*,, Ell ltC^bfeDACtt, SmSiSt 
gr?> 2IX*1E0)fc, B5iB*i^«35« h 5 > X ^ (N 
0)tjtrL,:C^*r^lt*l^ > h ^ip®t5t 
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*IW*««Iitt«fll*«tt/5 : -^^^»S/X7 1 A ^k «"2 0 0 1 -1 5 6 6 2 1 



ttzntzmmmzn-? ±-5 fctM x#i&s£;**ifcft 1 ~ 

A nOa*{*»««» hv>^^ (N1~N8) miiSft 

i ~ft n©«#w*«se» K*r*s 

X#tt^$iv ^-bt^UTnKs' r©2iiSjE 
t*— STtelfv rDO0~g±{£tTy hDOntfA^-T 
Sft l~ftn©;*^ *?-fl§ r7>3>X*(Sl~S8)4:ftft 

[0 0 7 0] &*s, -He, fei£S'X7 i A©A;*jfl!li:{ij 
[0 0 7 1] <ft 1 0£^ffi>£9igflB&j!RtiU #SB 

BS»fcS9w-e»*xsADcti8-r*. 

[00 72]E12, 0 13 *iWH 1 4 fi^ft^-fts 

an i ommmmizmzAD c(D-~m*7jk-fmmmx& 

5. 3fe*5, HI 2, 01 3;f3«fcl>*01 4Kti, 10jIS8it 
t 1 — # (denary current data)ADCin&, 8 tfy F©2il 
*J±7 r -^DI7~DI0(C^-rSADC (SikJtttSAD 
C) ©— 0fl#7j*&*l-tV->So -€bT, 01 2{C{il{@© 
ADCffl^*,, 23tS£E7 r — ^DI7~DI0©, «±{4tT<j/ 
hDI7~bTy rDI4£g«|-f 3[US&/!> S > 01 3fctttry h 
DI3, D12££g|-r-5[n]S§a s . 0 1 4 fcfctt: y rDIl, DIO 

mssa^aveft^ixT vi s. 

[0073] 112, 0 1 3£<£tf0 1 4{C^"f <fc? 
PMO S h7>^^P0{±> y— xtfmsi^— r*fc 

>{CA;bS^ADCin#Sl;!jD$*l3<> PM0Sh7>^ 
*P8~Plfc£, ^*i-e*x±gBPMOS h-7>S?X#P0£:PI 
b1MX(Wl)£*rU ±§3PM0S r^>i>;**PO£*t 
LTAU> F ^-7— ggRSfiT^S. dJUcitK PM 

osh7>-^ ^P8~pitt, xtjmmmintm l^s 

[0 0 7 4] -J, l*SISffl©NM0Sh7>^ 
*NOt-*tLT, a»<B©a*f*W«8BB«©NM0S h 
•7>^^^N8~N1* S *P> h 5 t> — ^sntv^. ± 

~Ni<i, &mmmmm<DNMos b^yvxtmcDmm 

fflEfctt^T, 128{g, 64{g, 32(3, 16<g, 8fg, 4» % 2 
fflK lfg©lr>m*>©««Efl[ftKh3«tl-!*-fX(WixlZ 
8, — , Wi ftTVS. 
[0 0 7 5] 2jt*E^-^DI7-~DI0©, g±{£tff r 
DI?* 5 ^— KCffliD$#XSNMQS >2;;**S8«. 
»**«M>128fS©«aHBfeJ*-3 J: 5 HIM X(Wox 128) 

^^nt^?.. ni^c tf •> bni6#<r— hizmtu 

£ft3NM0S b^>i?X*S7ti; S*P«Sft©64<g©« 
^fitffi^ft-^«tatc+>-^'X(Wox64-)tf^.$i^T^.^5. 



miz, bDI5#^- rttfrljn^tlSNMOS rv> 
^**S68u »id«8K032fgfeD«8Sfl[ftJ*-3J:-5t:'9-'f 

X(wox32)* s i9;^$n'rv^?)o lit, eyhDi4#y 

— htCBlAD^nSNMO S h v>^X^S5li, 
05 ©16{g©mifcfii&gf-3<fc a fclr-f X(Wox 16)#§&5£ 2ft 

OS h7> V7. 9 S4tts *ipS«5t©8fS©mifitffiS:^ 
<t^(C1t-f X(Wox8)#t§!5g;*ftTV->So t;^ 
rDI2#7— hCWiD^tlSNMO S r-5>v>;**S3 
10 ttv 2|l|l«jfe04ffifO«S!Efl[fti*r?J:^t:*-fX(Wox4) 

^*l5NM0Sh7>^^S2lt SipSaPu©2fg©m 
iftfit «fc 5 -f X(Wo x 2 )#I9:5£ 2 ftT v % 5 o 
[0 0 7 6] ittH ^-X;i/fl^en*5y— £ Epfln £ ft 
15 SNMOS b^>^X^C8~Clii, Sig^lfo© 128{g, 6 
4fg, 32fg^ 16{g, 8{g, 2iSs lfe<D^-Ttli)HDm 
8&{ft&&o«fc-5 lc1t-rX(Woxl28, -s Wo)*s|S^2n 

[0 0 7 7] 012 CTj^-f fg 1 ©Jt«KI]gSC0MPHi, S 

8fg©S^5:^-rNMOS h^>^^^N8i: > mfl2PM 
OS r /5>S>X*P8©l*H' >©«©$: 2fBU^<;Kbin 

25 ary level)t**!i-r*fll«ia«SA8i:*>6S:S. 

[0 0 7 8] ctifcit), ft 1 ©JttltlllKCOMPlH:, « 
■^■en^ §(t T Mtl £> S*m^© 128fg©S^ i: A t>mm 
i:©A'h*lt«tL, 2217 s — ^D17~DI0©o*>> *±fu 
tf-v hDI7©ltab-<;i/$:^t"€.o 

30 [ 0 0 7 9 ] 0 1 2 C^-r* 2 ©it«tl]fi&C0MP2(±, bu 
13ft 1 ©tb^lllSSCOMPltlt^T, PMOSh7>^X 
*?8&?71Z, NMOS h?>VX<?C8&S8lZ, lftalH8§ 

A8^A7{c^n-en^s$n, 2e>tcmis3PMos ^^-> 

i^^^P7© Kt©fig£ N -T— hCff 

35 ^-entfSlSn £ft S NM0Sb7>-^^ C7*S <t IFSM 
M©64fg©«at^tSt-TNMO S h^>^X^N7A s ia?iJtC 

[0 0 8 0] IP*.s ft 2 ©Jt«t0E&COMP2«is - 
F — KfcCHIt:, A^««St^^PMOShv 

40 >^X*P7, f— rictf >y hDn^epiD^nSNMO S 

MOS h^>^^^N8*Sifi?iJtgEi^2tlTV^?.o £t>lZ 
budBP M O S h 9 > i^X ^P7© F U-i > i:®*^ - K i: 
©H{-^ -y— Mce^enA««]iP*nSNMOS h^>^ 
45 ^^C7i5«tU t *ipS^©64m©S^t$:^NMOS h7 
>^^^N7A s it^J{C^2nT*5ti, HtJiePMOSh^ 

>i^^^P7© i«h >©m<as 2fltv^;K-^-rsti 

♦i[US&A8i:^?>>5:5«, 
[0 0 8 11 J; ») , ft Zffltfc«tlH]SSC0MP2ii, hf 

50 v bDI7tf "HIGH" ©t§£-Cl±, A^«%A>^I6¥M 
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©64«©*illEi:£tfc«U hDI7# "LOW" ©i§i^£ 

au xtimmt m^en zgitrmtiz «*t©64{g© 

«^i:S:lt«UTs 23t7 i -*DI7~DI0©d*K tT* h 

[0 0 8 2] El 1 2 ^^-T^ 3 ©Jti((B]SSC0MP3{i, hu 
§3^2©Jt^[e]^C0MP2i:Jt^-C, PMOSh^>^^ 
*P7#P6£v NMOS h5>v>;**C7#S7£, igtalalSS 

A7#A6tr^n^en^s$n^ $e>scjist2PMos 

5?>i*P6© KUW >i:SEflfe> — K borate, 
^enASEPADiSft&NMOS h 9 >S^*C6:f3<fcZJ«ipm 
ifit©32{g©g;8££»rrNMO S h- 5 >^**N6#ifi?lJ£ 

[0 0 8 3] d*Ucj;f)> ^3©Jt«eIilSSC0MP3{i, t: 
>y hDI7> DI6#^*l^tl "HIGH" ©«^{C(±, XtlMm 
t> &mmm,<D 128fg;fe £ *>'64{g £ 3 | (, > & 6 © t fs^en 
£SttTitoS**«i*©32fg©«»fcftJ£ttU tTv 

bDi7, Di6#-?ft^n "low ©w^cat, ATjSaSti: 

«*enS5H*T^*lS**1!UtSK©32«©*»E l i: S:Jt^ 
U 2it^— *DI7~DI0©-5*^ bTy fDI5©l|3lP^ 

[00 84]112 JC^-Tfg 4 ©Jfc«IIBCQMP4tt, fu 
§3^3©it«ilHlS§C0MP3i;lt^.T, PMOSb7>^ 
*P6#P5&;:, NMOS h^>-^X^C6#S6il, tgtalUSS 
AOASASt^Jveft^M^tU $?>(3bu§2PMOS h7> 

^en#EWjD£*XSNMOS h => >>?**C5;fc«fctfSipS 
St©16{g©Sii£&3fc-f NMO S h 9 N5* s itt?Ui;: 
^ £ ftT V>3, tK *©flbttRlfct?*5. 
[0 0 8 5] d*lfcJ;»K *4©JtiRllHK:aHP4UU tf 
>v hDI7~DI5#^ft^*l "HIGH" ©StefcHu AtlMffi, 
it, £WtditcZ)128fflK 64{g;fc «t *>*32{g £3 1 V ^ fe i> © i: 

es/ bDI7~DI5* s -€-tl-ftl "LOW ©*§-&£&, A 

£J£ftU 2jt5r— *DI7~DI0ffld*>> bT^hDI4©ift 

[0 0 8 6] 013 fcSS-rSB 5 ©It«<llSSC0MP5(i, fu 
§3SM©J±ft[I]8&C0MP4fcJ£^Tx PMOSh7>-^X 
*P5#P4fc, NMOS h^>^^^C5#S5lC, Igfglallg 

A5#A4t-^n^n^M^n, ^KituiaPMos h*> 
*P4© p n > tjgifcy - k t<D ffliz, h (eft 

«EO8fSO«8Sft«E-rNM0S h 5 >^X*N4#iSJW;: 

[0 0 8 7] ctitiD, ^ 5 ©It«<lll8SC0MP5H:, K 
* hDI7~DI4#^*l^ft "HIGH" CDig^tCtt, A^m^L 
atp£»i£«sfcffll28{ig, 64te, 32fgiJ^m6^5lWfc 
© iifs^-«i£§ ItTifctt S S*«3it©8fg©SiSt££ 
ItttU > MH7~D14#^-*ve*l "LOW" ©*£-C 



tt> A£«^{g^en£§ttTfeh.3Sip*iSt©8fg© 
mgltilSrltlKU 2m^— *DI7~DI0©?*k try hDI 

3©na ?*^-r 5 „ 

[00 8 8] 013 izirs-rm 6 ©JtfttHE8C0MP6tt % hu 
05 f3!fl5©Jt<gt0S&COMP5i:it^T^ PMOSh7>^ 
*P4#P3lC, NMO S h^>^^^C4A s S4t, lt*SlH]g§ 
A4ifik3lz*jx?timm£ix, ££lCitij§3PMOS h^> 
>>;**P3© FV-f >i:S%^ — atomic, y-hCI 
^•en^eJAD^tlSNMO S b 9>i^*C3;}3<fcU t Sip« 
10 i£©4{g©SiSt£«ift-rNMOS h 5 >y**M3#iB?Ufc: 
SttSftTO *©tiM*ElfcTSfcS. 
[0 0 8 9] ItiCiD, ^6©it«tIUiiSC0MP6{i:, K 
•y hDI7~DI3*^tl^iX "HIGff' ©J®^iCtt> Aij*iS 

15 ^tzt>(D£ fl^enS S»t T^tl-S aip«jSi©4fg©«^ 
£:£it*ib<U hDI7~DI3^tv j en "LOW" ©*-& 
Ktts A*i«^ii«^en$r§{tTifitti^a^S5it©4f§ 
<D««E4:*tbeEU 2it^-^DI7~DI0©a*» K'^ 
DI2©H3 V s<)l 5r?*^-r S „ 

20 [ 0 0 9 0 ] m 1 4 fCTfs-TSg 7 ©tt«gt[I]S&C0MP7(±, hu 
mm 6 ©Jt«t0SSCOMP6i: tt^T> PMOSb7>^ 
^P3*5P2t, NMOS h^>^^^C3#S3(C, tidUSS 
AS^tC^n^en^S^^ ^?>tBui3PMOS t^> 

i^^^P2© yfcisjfty— Ktcimc, bizm 

25 ^en*sEpj Q $n-§.NMOS h 9 >i?*$ZZ5i&XIg,^m 
m<D2fe(DnM&ffi.-?l1MOS h9>^^^N2A s SfUic 

[0 0 9 1] C*U::<fc!K ^7©it«<[Hl8SC0MP7(±s DI7 
~DI2#-€n^tl "HIGH" (MBKB;, AtjS^A^^S 
30 *P««CD12«S % 64fg, 32fg, 16^s 8fg*3 il>*4fg&^l 
V^ tz © £:{i^fen£ §(t T »E*l*»P«Slt©2fff ©*«t 
h^rJt^b^ t-y hDI7~DI2A s -en^n "LOW ©^ 

©a^^SrJt^cU 2il7 ; -^DI7~DI0©^*>, t<> b 

35 DIl©iiSL"<;i'Sr?*^-ri>. 

[0 0 9 2] 014 fc jjVTJB 8 ©Jti(lHlKC0MP8H:> hu 
!3§|7©Jt$<0SSCOMP7i:Jt^.-C, PM0Sh5->i?^ 
^P2* S P1{C, NMO S h^>^^^C2* s S2^ ltd OK 
A2A J AHC^tx-etl^S$^ $e>{CHtifaPMOS 

40 i^^^Pl© FW >fc«ytey— Kt©HH, ^7*— Mcff 
^enASEpin^tlSNMO S h 5'>^^^Cl*«fcU c **m 
iSE© m©«tS^^-TNMO S h^>> ! ^^Hl3!)HK5iJt: 

[0 0 9 3] CiX{CJ;f)> ^8©Jt«t[HlSSC0MP8a:, tf 
45 >> hDI7~DIl* s -etl-en "HIGH" ©Jg^-trfct, A±fS«t 
<f^S^SiSt©128fg, 64fg, 32{g, 16fg. 8f&, 4fg*5 
J;t52flS*5U>fct)OJ:ffi9en*SftTS6ihrS«i|l*St 
©l<g©*l5ti:$:It«<Uv fc:^ bDIT— BIl#^*L-etc ^ 
OW" ©i^idi, A^*Mii«^enfeSrtTaEh:S»P 
50 SiSt©Wi&©S«ti:^lt!KU 2^7=— $»MT~B10©d 
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*>^ fTfit-y rDioctigu^i/ft&ji-rs,, 

[0 0 9 4] IP*., HI 2~I1 4£qv*-ADCtiU it 

fc Mfrtttt £ ti tzMMS. £ A ttmm £ ©*'> ft Jtlw U 
nfcTy b©2^— *©d*>ffl«±<iT-&SnS§©tf 
v hoBSU^ftftS-rs* 1 ©ttJgtiJB&COMPli;, 

£ s^sss© 2 ■ - i mcow,ffi.m ft ?i v tz t> © * fc fcfcA* 

^©2'- ! fg©SMi:©A'hftit® H5fB2 3i7 :: -^ 
©•5*>©n- lSIfflt7 boilu^;i/^t5l 
2©Jtfi<|p]S&C0MP2i:, A*««E*»&aip««E©±(fttr 

y h©issu^;i/©«E^-&t)-a-{cjS^fcfgait©«aEffift 
§l^fc*©*fcfci:A2j««U:x ffiCJttt'f ^-T^TO 

ftSJt xmizsenx® 2 -'^-lfs©*^©*^ 

ft-tft-tiittJfc UTtyR U mifB 2 jl^— *©?*>© n 

[o 0 9 53 mi 5ti, mi lcwDAC, 
mi 2, m 1 3*s<fcvm 1 4fcm-rADcic{§e/B£ft£> 
assays c&utao WKD-mtm+mm-e*, 

•So 

[0 0 9 6] IS*£S8Sh®£: LTli^ Band gap reference 

m(D7j-aymm®$8mimm (t) («aig) &ift 

[0097] m 1 5 izm vtzmmnmmte. SuBBAi^© 
p.310, mi2.29t3g-5v^T> xxv-b-mmzmmik 

j5gut-fe©T-fe *©iM^isaftfeiT{ciftwrso 

[0 0 9 8] FkftJfty— KtOlHfcx PMO 

tltzNMO S r 7>S^*TNl£«fcU t y>f':fr— KDlAMft 

S r^>S>;**TP2, NMOS hv>->*^^TN2, JSm» 

■i l/£o L#gE^;iftfePMOS r v>^**TP3, ffi 
!A*?R2# £0^4 *- K D 3#iSy!lfc«ifti*ixT V > 

[0 0 9 9] ±I33ffl©PMOS r =7 >^*TP1~TP3 
tt, y-h*BS3bs^^tlT*U>h^5-I51SSft»J5K 
LTiitU ftuIB2{i©NOS r^>i^*TNl:f3J;T>-TN2 

[oiooi -35-, Ytmm;- KfcolHfc, 

^— b - HU-f viidLiflg^StlfcPMOS b^>2/ 
J**TP4, NMOS h^>^^^TN3*3J;l>'ffii ! u*^R3 



^^^TNSWV-^fflatijo^lFBUlBPMO S hv>^ 
**TP3©KW>©«4*^ SJEit$t@S&CP© (-) 
A*** J: If ( + ) A*SStc*flEibTA*U C©«E 
05 ItftESSCPWffi^StH^mjfBPMO S b^>i^*TN3© 
y-rfc8H«SiVtV*4. £££«M£ii;>Jffl©PMOS 
h^>>^*TP5#, bubBPMOS h^>^^^TP4t* 
U> h ^e© >^?>»*S»FLlout 

10 [0 1 0 1 ] ±E««C*V^T, VJX-YDU D2, 

D3tgsnss^* j i5]bic«:s«ta tift^snT^s. 

— HDlfcit^T1MX#At ^^flTV^S. teirC 
SR^Rh R2, R3ti|5]DffimfET-$>S. 
15 [0102] V^i, y^2j-— KD1, D2, D3<zmtlZ> 
mmZttl^tlldt U KDK D2, D3©T 

y-K • * V— KM«E*-€ft-eii*fJfcbTVbeU Vb 
e2, Vbe3i:U R3C»t*iSS»tft I 

20 Vbel = Id xRl +Vbe2 
Id xR2 +Vbe3 =1 xR3 

V -i K D2s D3fc^eft^*l+MX#[5jbT% SilS 
S IS] b £ & 5 J; 3 tC 19^ $ n T V •> 5 *^ , 
Vbe2 =Vbe3 

25 ffi^?Rl©*6Jn;fiti:E2©ffilfi;fitfctt|SJDT-feS^?.. 
R2 =R3 

AVbe=Vbel -Vbe2 
Vbe=Vbe2 =Vbe3 
30 i:i3<i:v 

I=AVbe/Rl +Vbe/R2 — (1) 

[0103]±Jt(D £*>V>Tx Vbeii, K 
DK D2, D3t«^lRltS^As^ttlte»S«Et*l^ 
35 PfJfcN{PJh©7ji;i/5 (Fermi)ip{iL©lltffi^t" 
i>„ Piffil©iPtttt^<^:§<lilqIs N{PJl© 

•5, 7jLjV*mtiL<Dm&>b£ <&oT 1 Vbe(i'J^^ <5& 

40 [0 10 4] £0fc, ±SC (1) tC*>l/>T> AVbett, 
V 4 *-—Y D 1 ftjSm-5 I dl £ K D 2ft^n 

5 SSt I d2©^ *> * D S £ ©T- , 
Id =ax exp (q xVbe/KT) - 1 —(2) 
T-S>So c:t% alCJi, ^^-KDl, D2©"9-^X 

45 »ft»«**ixS. KD1, D2©1f^XAS|BjU-r- 

fe5il1-Sil> ±SC (2) iti(0}B*Sfc*rUT-U4«t 
^t?^S©T% 

AATbe— (KT/q) xlog { Idl/ Id2} — ( 3 ) 
t«*J, iSKtrlfcfPil-rs. 
50 [QL05l-e-CT-> iijattt© ^bA-I^^S^r© Vbe 
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[0106] <mi i mmBm> mm {.tzXo Source 

Synchronous Strobed &£fcffl-r £*§-££Bu ^ho 
— ^"^s^STROBEi: It, «ET?tt«t<. Sip»j5t£i££ 

[0107] sai6tt> «i i •mmmtzmzmm 

LS I JC ft 3 •£>©-?;& So 
[0 10 8] 1211 6£7F-r«fc-5fc. 3>fD-7fflfflf 
1 CD L S I (CHIP-A)16AT-(i, S®> - b* — b* 

n* 5 ^— btEpfiD^ftSNMOS b ^>^X *161:fc «fc£F 
b'W > • ^-bif-5 btfgl^tlfeNMOS b^>v 

ga^ftfcPMOs b^ i63:fc<fc?>-NMOs b 

5>>^X*164;m?'JlCg^$ftT^3o ±IB2f@©N 
M O S b 5 > S> 162, 164{i-y- b ftT 
b S; -?bT, S^tb^J 

fflCDPMO S b^>^:**165A^ Hul3PMOSh^> 

i?^i63{c*w-> b ~ ^-mm^nx^^o 

[0109] ±mmi$,V>& 1 © L S 1 16A£ iftfcfv « 
«tti«7/H©PMOS F-7>^^^165©Fl^i'>* i e»l±5 
^ftSSSStS, * hn- Tfi^fSTROBEi: bT^gB©* 

[0 1 10] — S2CLS I (CHIP-B)16BT*<iv b* 
V jy . tf-y^ b#g^£ftfeNMOS h5>S?^ 
^166^ huIB^SPO^ bo— r{f^2A>e>^ b D — ^ 
fi^«sfco s A;>j£ft3o ^bX «j§U- Kiilftitb^ — 
b*fc©IHfc: % y-b • HU^^ifob^i^lxfePM 

05 b^>S^*167;fc«fct>*NMOS b^>^^^168A s 

mmzmmisnxn*), ±§3nmos v^yv^zm 

iimllBNMOS b^>^^^166t*W> b 5 v-lg^ 
£ftTl->£>. f bt> buISPMO S b^>^^^167tC 
PMOS b^>->*^^169* s *U> b S.^-^^tlT 

[0111] ±§3«fi£©SS 2©LSI 16B£ iftfcf, P 
MOS b^>i>:**169© b'UW >A>£>iiJ;b2ft-5X b 

5, C©* bD — T^l^S^D ACwe^&SWi 
ADC (DMUm £ b T{£ffl Rftlt ifc 2> . 
[0 1 12] HI Ttt, HI 6tC^Lfc^ bD — ym^f 

6 5. C^-C, CLK¥)t±^ a -v >?mWm&, STB0BE(&) 

Br^bct— ym^mm. input( A)t±miSt^— ^ xm , ou 



[oi 13] hi 8ti, mi immmmiz&ZT" 
■4 ^-^i->^^n&eii'>^^At*j(t5^ bo 

05 T-fc3. ^J^.«PM0Sb^>^^^164liDAC14a©«tSt 
i$T-$> !5 , PMOS b =7 > * 169i± A D C 19a©SMiST* 

So 

[0114] <il 2 HSEJi$^>BulEbfe Source Synch 
ronous Strobe^jCSrSM U HI 6^bfe<totC^ 
10 bD-y{M^STROBE£»pm*fci:bTj££i:£:*>f:U 7. 

b D-^ft ^a^^^-^m^tfig bt3is r 1 1) rj 
irrs. hi 6cftisi— ^{ctti^i— fffftWb 

15 [0 1 1 5] H 1 9 Afct, MS 1 2^SEJf^{3^€»7 : 'f S> 

[01 16] IP*>, Ml 1 2£fflH$!Stt. #18© L S 1 18 
BtiS^Ts DACHatctt) 2<B:©mm7 : — ^D00~D07 
20 £DA£tfe-f SPgStC^ ^ bD — ^<i^STROBES^l*^-S 
1 #{£#©5*— *£JEL&tro DAC14a 

e^/0EC<fc»)^-f >y^JW$*XS b^>i^^^43^^ 

bt^a57 r -^^i(caj^-rs^t> ^bD-^t^sTE 

25 0BESiSl*-rS*8KS l^ift^JEUatfdfc^WtgtJEe 

So 

[0 1 17] f bT, ±|SADC19a{iv ^35^— ^Ml 
S^bT^nSr- ^SSS bD-^fs^«iS* s 
l#fif^LiitoT.TV>S) ^-^A^H^gBON 
30 MO S*U> b ^-7— HB&16, lTV$T*)M-$-* *bt, 
JrfJ^Lfe^-^W^S:, A^^-^MI^WEtJ;?) 
^-f b7>^^48tCA^7U cm^rA 

DSafc-ra. C©«5, ADC19a(i, 1 *{fi^-©S^fil 

35 J:-5(c1tJE!KbT*<ci:{cJ;?), 1 *(i«-W±©««EA I 
«E*iafc, ^ bD — rm^STBOBESSH-DlofciiJpJS-r 
SCt#T*§So 

[0118] HI 9AC*tDAC14a©- 

MSTN«it'o5 5. *i>% H20Kli, 8tr-yb© 
40 2 it^BET 1 — ^(D07~D00), *i«trFl tf v b^©^ bD 
-^ff^ (^D^^ff^) STRBSv lOjt**^— 

[0 1 1 9] H2 Otc^-TDACH:, HI Kc^LfeD 
ACttt^t, 

45 (1) SJftSS5®«©NMOS bv>S/*;**N0&C*tL 

$ e.^ ifi©^ bo— rm^w.m.mmoNMo s b 

vV^^^Nlatf^/bVb ^ v-Hg^^nT*5?3> ^© 
NMOSh7>^^81att, S*fSiffl»NMOS 

50 $Htl>5Cii. 
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[0 1 2 0] (2) DAg&fcB*»-Kfc±I2XbD- 
7{ffISIfflfflNMOS b7>S^*Nla©K W > 
fc©|fflfc, X hD-^s^STRBAsy-hC^n^nSX 
-f -vffflONMOS ^>^X*SB#lgM£*lT^6.r 

[0 12 1] W±2o©#|fiK#Jifc!9, ffe©«fi£(£, 1 
1 lfc^bfcDACi;|5]b-?:fcS©T% ^Ff^tB&lt 

[0 12 2] HI2 0t^-rDAC©»#fi> HI 

i c^bfeDAcoiWiia^egtcttisifii-esDx l tr 

[0123] 021, 122, 123 :fc<fct>*l 2 4 fct, 
SI 1 9 AtC^-TAD C19a©— ^J&^-r[eISSlT-fe?) 0 

12 l~124i:!t lOjitS^-* (denary cu 
rrent data)ADCin£, 8 try h© 2 jtSJE^— £DI7~D 
10, SSitFllfy h#©X ho- X{f^STRB£^&-f £> 
ADC©— 09#7T?£;fXTV^o ^bT, 12 1fc«:lfll 
©AD C©-5 2;t®E7 : -*DI7~DI0©, ft±{4t 
hDI7~lf ^ bDI4£^&-f SEIE&A 5 , HI 2 2tCfitT^ 
hDI3, DI2*«ftf *EIS&^ 12 3tCttK^ hDIl, D 

iosgeai-rsiatt^ H2 4{cfctitr>;/b#©*hD- 

Xft ^STRB£^ gl-T S 0f8#^ft^*X^£ tlT V> 3 . 
[0124] 121, 122, 12 3 £ <fcl>*l 2 4 

•rias&tt, mi 2, n 3^<t^iEii 4i:^ifeAD 

C^Jt^T, WT©*f£(i)~(9)#ll&<5, ^©flbttpl 
UT-^)S©T-, f3H3-£*B&bTV>So 
[0 1 2 5] (1) m l©JtK0ESCOMPla{C*5l^T, * 
ipS-^© 128^©a^Mft Sifc^STf fe »tc jfi^ij^ 2 
tlT^fc2{!©NMOS h^>^^^C8, N8Jc:-ft;LT, 

■^n-fna^Sifit© i29^©ft^ft vmm* m.-r «t a k 

IMXtflS^ftfc 2ffl©NMO S b^Vv^CSa, N 
SaASfflVM^ftT^S. 
[0 12 6] (2) ^2©tt«(|plg§C0MP2a{C*5^T, S 

TO£2flM©NMOS b^>^X*C7, N7(Cft^.T, ^ 
tl^tl»ip«^©65{g©a^ftlt*m^^1-<t 5 fctM 
X#»£3ft&2ffl©NM0S h^>^^^C7a, N7a*s 

[0 12 7] (3) ^3©Jt«cS]SSC0MP3at3^V-.T, S 
TOfc2f@©NMOS h-^>^X*C6, N6£ft;tT, € 
X#t£££ftfe2{|S©NMO S h-?>S^*C6a, N6aA s 

[0 1 2 8] (4) ^4©tfc^<lH]S&C0MP4a(C*iV>T> * 

qsmsiE © i6{g©s#rt it mm & « -r » c mmmm £ n 

TUfc 2f@©NM0 S r^>i?X*C5, K5tCftX-~t, ■£ 
X#^£.£*tfc2<S©NM0 S b^>s;x*C5a, N5a# 



[0 12 9] (5) Sg5©itSt@E§C0MP5aC:fcV>T, £ 
TV>fe2i@©NMOS h^>^X*C4, N4{Cftx.T, ^ 
X#§&££ftfc2fI©NMOS h-7>^X*C4a, N4a# 

[0 13 0] (6) ^6©tb«tI5J|ESC0MP6at:i5V^Tx * 
10 -r^fc2{S©NMOS h^>^X^C3, N3£ttx.T, 
X#a&t£ftik2{B©NMOS b^>>>X^C3a, N3a# 

[0 1 3 1] (7) ^7©it«elHS&C0MP7a{c*3V^T, * 
TOfe2<@©NMOS b-5>^X*C2, N2tRx.T, •?• 

n^na*s«iit©3fg©fi^ft str «t a cim 

X#t£:££ftfc 2<@©NMO S b^>i^*C2a, N2a# 
20 [0 13 2] (8) »8©Ji*@IBCMff8afc43V>Ts * 
TVfc 2{@©NMO S h^>^X^Cl, NltZftS-T, * 

n*ns*«aE©2fs©«*M ttsat£ *-r <t -5 c it -f 

XtflS^^tlfc 2I©NMO S h5>^X^Cla, Nla# 
25 fl§l^€>*XTV»£o 

[0 13 3] (9) X hD-Xe^ffl©Jt«@i&C0MP-S 

tfimuztix^Zo ztDitmmmmp-m, 12 3t* 

bfc^8©tbt<[plSSC0MP8i:Jt^'r, »ip«M©2{g©fi 

««*«E-rfc»KiajusBK&n"cv^fc 2 ionm 

30 OSh7>i?X^Cla, NlaiC-ft^T, ^fl^tlS^PS^ 
©lfS©S*(*(t«»ft«E-r i-5t-9->f Xtf^^nfe 
2<ifflNMOS b^>^X^Cl', Nl'ASffll^ftTt^ 
iS, $6CPMOSh7>y^^P10Kl/'f>J:S*>' 
- Kt©IBC» hC«/Jx««ib:ry bDIO^MD^tl 

35 snmos h^>^x^ci^«ty c a^«fS©ifs©«^ 

S«tNMOS h^>^X^Nl^ift?iJfc:j^$nTV%S 
^#*«C!3, *©ffitt[B]bT-ife?.o 
[0 13 4] CtltziO, X hD-X^ffl©Jt««lllK 
C0MP-S(i, hT'y bDI7~DI0#^*l^ft "HlfflT ©S^-fcl 
40 A^««EA»6a***©128flS, 64fg, 32fg, 16 
(S» 8fg, 4{g, 2{^iVlfgSr5lV>t*)©iifi^en$:§ 
»t«E*i*«*«SS©H»©«a£i:&JtlKLt, tf>vhDI7 
~DI0*s-£ft-e*T- "LOW" ©«^-lCtt, AtlSStilff ^en 

45 O-Xff^ (^D«^^{f^) STRBWb-Vb&ifcirrSo 
[0 13 5] BP*>, 12 l~12 4Jr^-TADCii, it 
m-i * — X;Ka ^en* S Itt Sitfl 5 S^PSs^© 2 1 + 

b, n t: v h © 2 it^— #<D -5 ^©^.httTffe 5 n-S-B 
50 ©bTy h©^Sb^S*^-T5mi©lti<@KC0MPla 
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I IIIHHI II I I ■ I I II ^ I ^fcH2 0 0 1 - 1 5 6 6 2 1 



sufBn#g©bry b©§#aii^;ucjcrNb-^ stjiBA 

U HUaB2jt7 ? -^©5*)CDn- l#g©tf-^ hCDIfflS 
l^^;u*?*^:1-S^2©it^[UgSC0MP2ai:, tulB»*« 

tz<$%iftizm% Tznmmz^ tz ©* tz&mmxt> 
mm.t. *-7Mw^&&vxm.tiz>&&m 
»5t©2'- 3 + i{g~2'+ lfgcDmmtfDX'i^tn^tx 

*lJ&LTlt!g<U miBB23i7 r -^©o*»©n- 2Si~ 
»T{i©hry S©ll3l^;b£&^-&fg3©Jt!g<[H]SS 
C0MP3a~mn©Jt«t[iIEgC0MPnai:, HulBS^Sattc^L 

izm ttzmwifrtem^-? znffi,m*mmxtinmi>> ^\ 

[0136] 12 1~02 4C^tADC©i«, 0 
1 2~01 4{C^bfcADC©«j^i:S*6g{Ctt|5)«T- 
S s lt'^^hn- ^l^STEBlC^t- 5 A D 
^&iS##;!jD*>£j£#il&5o £©«"&. bf>yhDI7~D 

n$-e^&Lfc«fc> i#tt©s^^aiT-§fe^^ 
m© ad ^gmrmzx ha-ym^s'm&Wttii'mmz 

tlZ<DT\ Y.V hDI7~DIl©^tti±»Sr7 ^^-Ti)llS& 
©&JfflHf#i:LT> ^ hD-^a^STRB$rfiJffl1-S-h 
tfqltEiC&So *l-D-X{f^STRB©i:*>±# 
9T% tr* J>DI7~DI1£, T—t^v^mmiOlZ^ if 

[0137] ±SBtg 1 2HSEff^fZin«, 
{f^STR0BE£»^«^ LT^Si:i:&l3, ^hP-/ 

So 

[0 1 3 8] 02 5BU 11 SACibfef-f^-fi 
Safc^-* Input(A), Output(A)tC*g bfc±§-£r©IW 

©-^jSr^-r^BHT-fe-s. c ci mm^-^mmn 

J** hn-^I^*^STRB©^©»^ m^-^WH 

[0 13 9] <DAC©SU &2mzm>m2 0\Ztts 
LfeDACit 1 tf^h^hD- (Pay? 
m^) STRB£, 8 C» h©2jt«JE7 i — *D07~D00©ft 
Tte tf v Y £ Is] DM^fc^TT S © t UT® o £«, 

[0140] Li^U 1 1*» h^XD* ha— Xfg^f 
n vtmm STEBti. 8 tL-y h© ZMMBzJ^ — ^ D07"— -D 
00«fc 9 ±(i C h , S UAttTteti* h I3H *) J£T 6 <fc 



«»>iSTfc!ISiagf&fi>ifclS2 6fc, Tt£tf v hUffl *)£ 

x tzm 2 mzmzm 2 1 c^-r. 

[0141)12 6{C^-TDAC(i, 02 OfC^LfcD 
05 ACttt^Tv ^ hD — ^"{g^SsS2f.ffl©NMOS 
>^*Nla, *J«tV^ hD-Xft^STRBA^-HcEP 
iD^n-S^-f yffflCNMOS h7>i!X?SBlzrtZ. 

*ip*ati)f.ffl©NMOS h^>^^^©256fg©S 
^*Wl£1t^X#i&^£ftT^£NM0S h5>>^ 
10 *N9, Sd&mftbtlT^ Z&ifimtt*). ^©ffefctPJbT- 

[0 14 2] SP*» 112 6C^-rDACii s S9«8E«( 
b^>^^^N0i:, HufB*ipSMi®h-7>^^K:^b 

15 ^^^©S^tfglclt^T 2MSfc.a^{tlt^nfeS^f» 
£&^J:o£1+^X#i^$ft£!61~^ (n+l) © 

h 5 >>>;**N1~N9£; N milB^ 1 ~^ 
(n+l) ©a^ft»t*^?Sh^>^X^{C*fli&LT : & 

20 2'fgi-*^^^^nfc«^fitS:i#o«tdtlf^ 

^— ^©^^©«T(i£tf>> hD00~a_hfiilf hD0743.t 
ycj^ hD-X{i-^STRB*SA^-r5^1~^ (n+l) © 
h^>^^^Sl~S9t$:Sfigt-2.C^$:il^[ 
25 t1-St)©T-fe«>o 

[0143] 026 (C^-fD ACClfftt, 120^ 
LtzDAC(Dmtt£&*#OlzmmX'&*), ^ha-X<S 
^■STRBAS 8 h: v h © 2 itmE^-^ D07~D00 J; K> ±(4 bT 
>v h{Cf!Jt»^T?>nTDA^^tl?.^A s ^^So 
30 [0 14 4] 12 7C^tDACIi, 02OtL^Lfe 

DAChit^Ts zbu-7m^mffi.mm(DV!Mosb 

=7 >^X^Nla, * i hD— XM^STRB*sy- h \Z 
EPiDD^nS^-f vffflCNMOS h7>^^^SB(3^ 
Xs S*t8SifflONM0S b^>v^^©l/2^©« 
35 SE* j atilStH , X*5|S;^$n-CV'>SNM0S h7>^ 
^ N 1/2* «t 7>*Sl/2^|§|t t>tlX^2>&&mt£*). * ©ffe 

a h d t* s © x- * m bs l t v > 5 . 

[0 14 5] 0 2 7C^tDACIt &mmffi,M 

b"7>^7.^mts mz&i$nmM\- : 7>i>X'?izM{s 

fc«*ttft#oJ:3fctMX#ttjeSftfc*lH* (n. 
+ 1) ©a*(!H+««E»h7>yx^Hl~H8, Nl/2fc. 

huib^i~^ (n+i) (DrnM^nrnm^Y^^vT.^ 
45 f3*f^bT^-is* s «*i^n, &im&-%iZtixmti 

SKffl[&^fO«fca{c^-<X*^^$tl, HcWjSL 
Tntfy h©2iiSET : — ^©a^omT&ti^ hDOO 
-*±fe d^h D07i5 «t h n— Xfl^STRBSfA+z-T 
50 2>^1~^ (n+ 1) ©^-f •y5 L -fflh3'>i;^^Sl~S 
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8, Sl/2ilZmMirZ>Zt:Z'ftMti-2>b<DX-&2>o 
[0 1 4 6] 02 7!:^tDAC©i^lt 02 0£^ 
b£DAC©»fl^S:*;i$i;:|i3«T-;&!K xhn-X{f 
^STRB# 8U'yh©2 mmZr— * D07~D00 «t 13 Tffi bf 

[0 14 7] < AD C©!g 1, SB 2 > H 2 1 ~0 

2 4lc^LfcADC!i, 1 try h#©;* hD-7(ff 

(^Dy^ff-f) STRB£ N 8 tT\y b©2jitmE7 ; -#D0 
7~D00©fiTGitry hfc|s]bS.fr£*-rS*>©i: bTSi 

[0 14 8] bfrU 1 bT'V h#©* hD-Xft-Sf 
D y STRB&, 8t-y h© 2 31SJE7 1 — *D07~D 

^CLttiV^ X hD- X{l-*fSTRB£, ±<5hT>yhiC 
f"J»)^Tfe!fil2y&0!l£0 2 8~03 Otc, TtfctTyh 

icsu 5 ^Tfcse 2 mmm&m 3 i~03 4c^t. 

[0 14 9] 0 2 8~i3 OfC^-TADCJi, 0 2 1~ 
12 4 Cf%LfeAD Ci;it^"?\ JtgH X;MI^en 

M0Sb7>^ C8b~Clb(Cil:?iMec^ tvT 1 > S 

(tm^ffl© NM0S1^>^X* N8b~Nlb©f"-r 
X, 43<t^ hD-Xffi-^ffl©l±««le]MCOMP-SU©«fi)c 
^©ffefciu |5]bT-fc3©T*??-«§£#B§bT^ 

So 

[0 15 0] SP*n 02 8~i3 OCfxtADCIi^ it 
fi^(t^nfcS«tfili:A^S^i:©^/jN«:Jt«<b> X 

hn- xft ^sTEB©»a b jfts -r s * d * v 

ffltMSdlSgCOMP-SUi;, mifBX bD-XfI-^STRB^g:(t 

T^sa^a^t© (2 '+2'-') fg^a^ft^nt 

«^f»£A£«^©A'h£itigtU ntf^h©2jt7 ; 
— #©5*>©e±ftT-$>&n#g©£:-;/ h©fiau-^<;i/ 
^^1-SIS1 ©JtStlslS&COMPlbfc, jty!3n#g©tfy 

hwiHSu^t^bT^ Bu§aA^s»iS*^a*«aSt© 

2 '-'fg©SMf» £3 I O fc & © * tz tttu 13 A^SSIt £ , 
ituf3Xha-X{i^STRB£§l*T^ftSS*Sat© (2 

2©Jt«t@£SC0MP2bi:, iuI3SiW££*r bT±{4tr v 
h (DilU ^l/©ffi<fr£rfc>-B- tj® b fefgSt^icti ^ -r S 
^SEfit £Iii§3A;bm^A> ■=> 3 I V > t> © H fifu§3 XtlW. 

(Z'-h-Z* 1 ) ~ (2°+ 2') {g©mifc£:©*^£^ft 
€#t?tiDbTJtS<b> ftuI32jt7-*-*©-5*>©n- 2§ 
g— gTT4©t:<v h©f&Sb^;i/£?*;£-r3S§3©tt«t 
@SC®ff3b~|fcn©lt«<[5]S&C0MPnbii&S:m^ S 't?: 
^Tfc-TSfe©T$>S. 

La 1 5 1 1 0 z 8 ~m 3 0 m^-tad cctmi, a 



2 1~0 2 4tC^bfeADC©iMt£S#ltt£l^«T-;& 
^ M3-X{i^STRB#8 \Lv b©2iiSff7 ; — *D0 
7~D00«tt)±Cibf-> N{Cf!)!3^-r?>nTAD^g|$tlS 

05 [0 1 5 2] EI3 1~E13 4(C^s-TADC{i > 02 1~ 
02 4{C^bfeADCfctfc^T, ttit-f^-X^ff-^en 
-frf— McfftfJD^tlSNMOS h^>^X*C8c~Clc© 
Ctl^NMOS hv>^X^C8c~Clcti*JiJ^ 
i^$ftTO£S^tttt*^ffl©NMOS t^>i>X* 

10 N8c~Nlc©1t^X, iSitFX bD-Xff-^ffl©ltie!llSS 
COMP-SDfflfltjE£;#S&So ^©ffe{i> |5]bT-feS©T-^ 
^•Sr^BSb-TV^o 

[0 15 3] BP*^ 0 3 l~i34C^tADCit It 
i£^*-X;W§^en£§ttT^ftS**«»!it©2'- , +l/ 

15 2mizmfr<ttttftifzW.m.mtAt)mm£<D*>b*t£$i 

U nt>> h©2ii^— *©-5*>©ft±{ii-C-;&?>n#S 

©tr^ h©iiav^.;i/$:^f sis i©Jt«<[isscoMPic 

i:> itu!3n#B©try h<DimMl"<Mzfob-t, itu!3A 

*m«St*?>SiPS«t© 2 ■- | fg©m^fi$r^i^fe^©^ 

20 fcttfulBA^amiu iut3it«<^ ^-X;Hf ^en$r§W 

T^nsa*sss© 2 i! +i/2fS©m«ti:©A/j^Jt«< 

b^ iiuiB 2 jt^— ^©d*,©n- lSB©bf<> h©|feS 
l^^;w«:^-r?»^2©Jti<lHlSSC0MP2ci:^ iul3»PS 
sSt^^bT±tet:^ h©iisU'^>'UfflM^t)-a-t:/Sb 
25 fefSIS^IB^-rSS^fitSrHuS3A^«^?>?|V^fe*) 

SltT^tlS»ip««fiE© 2 B ) +l/2{g~ 2 »+l/2fg©SiS£ 
i:©A/J^S^ti,^tiM^bTJt«tb, Bul3 2ji7 r — *© 
•5*.©n- 2#@~ftT(4©bT>> h<Z)ill/^;i/(&^ 
30 ^SS8 3©Jt«<[llS&C0MP3c~S«n©lt^[HlSSC0MPnci:, 
gj|3«iPS^^btmil3»±{i[~ftTte©tf >^ b©gft 

35 2<g©m^i:©A'h£lt8tU X h D-XM^STRB©ii 
S U -<)V % ~t S i> d >^ ^ ff -sfffl it©ls]gSC0MP-SD h 

[0154] 031 ~0 34 Cf»tAD C©i!j#{i, 0 
2 l~i24lC^l,tADC ©Sff P«f 
40 f v X h D — X{f -^STEBAS 8 tf h © 2 it©*JE^— ^ 
D07~D00<t »3Tffit^ b{cSd!?^T?,nTAD^$tV 

[0 15 5] C©i3^^ hD-Xff^STRBfl^^g-fr 
(Si©«^ ^©^ hD-Xff^STRB©fJ5g(ift^t"^^ 
45 tlSo Z\<DtzSt>, X hD— Xfl^STRB©ji*.±A s f3T-7 : 

[0 15 8]ft*, X h n-X{i^STRB#S±te©ig 
C©X hn.r-^<i^STBB©^(i«lZ){C^$n?). 
C©fc4i), 01 9BlCjjrr«k5£, Xha-Xff^STHB 
50 g;, jt®5l^t71-C-li>y hD07~h:'> hDOOOAD^ItC 
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fI^STRBd©ji:*.±>fi s ^T-7 ? — ^Sr^^^-TS. t> b < 
STRB©&*>T# *> X=r—V £ ? v?-ttU£&^o 

[0157] <d AccDmmmm.tAD co&mmmt 
(Dmi%, mmmmmom i 3 mm> d a ccmss 

ift-fti: AD C<D®mm / Et*jEmizfit>iZ: ZtzMztZ, 
A D C CQjtipfltifiEfi D A C©«ip«iSt©l/2{g<fc *) A£ 

[0 158] ADC©ffi^ffl!lfflJfi|i[51S§©i&^-v 

miStii d a c ©atpsat© m <t d a t < , 2fg <t <j a* 
[0159] ccD^d^a^s^fflH^t-a^^T. a 

igS*fitffi{iifitt«£ <£ »3}&«>Tfc iV>, ^©t§-£\ H3 
5{C7rhr«fc?^ DACffl©a*S^i:bT(if!il3BGR 
©SsM&^©£i£{£fflU ADCfflOl*flSi:tt 
«iDACffiffl*ipS^©, #J;LfcJ1.5{££{gffl-r2>i: 

^xr^izmmmmMTkm-f, DAcmvmmmmz 

[0160] 035 LSI f*]©BGR©S»fje£D A 

©SsStfiSSrAD Cffl©**S»Si: bT{£ffl-T?>*§-&©® 
S&#l£:^bTV'>2.o 

[ o 1 6 i ] m 3 5 izm-rmmt, m 1 5 izin u^bgr 

©&^£:fc^TPM0Sb7>i>X*TP4{;:?jU> b 5 =7 
-mil £ *XT V S 1M X #W©PM0S b "7 > S^X * TP5© 

m^»jSt^ d a cffi©s*«^i: uT{fe&u ^e>tc, 

lagePMOS b 7 > S^X * TP4 C It X#l . 5 x W©PM0S b 
^>>*^^TP6S*U> b 5 5— 88l«U C©PM0Sh5 
>^X^TP6©tB^m»S$:AD Cffl©S*P«iSt£: bTfft 
^f-?.*)©T-$>-S.o 0 3 5£;|o^Ts El 1 5 

[0 16 2] 0 3 6Clt ^f^-^x-Vg^ceiS 
->^^At*5C>T> LS I rt©D ACi5<ttKADC©* 

©»ipSlSi«iSipa«Sti!f-fflS:«E«*ffifflb, ADCffl© 

©IslSS^JSr^bT^So 
[0 163] 136 tZ*5^Ts ^l©LSIf'> X351 
It, («»Jx.K3> ho-7) ©Sif;«ifc?I350A>£ 
Atj-?2> m»mffi& NMOS b 7 > y X * 353, 354A> £ & 5 
b 5 5 — IMSST-Slt, d©SipS«t$:PMOSb^> 
y**355, 356*5fc3#l/> b 55- {3&T-gW:5<r 
±!ePM0Sb5->i;**355tCtiu £ £tCPM0Sb5 v^x 



*357, 358#*l/> b5 5-g$S£*lTU3. Z\CDWi 
■£ s PM0Sb5>i<X*356, 357©1M X^WiitS 
PMOS b 5 >^X^358©tl-'f Xi£1.5x WKaS^ftT^ 
So ^bT> ±l3PM0Sbv>^X^357©m^«lSES:D 

05 ACffl©«*lSi:LT«eU PM0Sb5>^X*358 
©tB^«M^ADCffl©Sip«»fithbT#t^b, PMOSb 
7 > i>X * 356©!iJ;*>S«fc£&f£©^ 2 © L S I 5 1 * X3 
52K»ip«iiiti: btgiit5. 
[0 16 4] ±ffig§2©LS It^.vX352*k stifB^ 1 

10 ©LS l5=-yX351i:|B];ti©«JE&£WU mlie©^ 1 © 
LS I351*>£A±>T3»*®Sit£NM0Sb5>i;x*35 
3, 354*>c,&5;*Jl-<> b $7- |I]S&f§W\ PMOS b 5 > 

s> * * 357©tn±;m^t* d a c mcommmm, t b xm& 

U PM0Sb^>v ? X^358©{±5^SlSE$rAD Cffl©Sip 
15 fStttttS&U PM0Sb^>^X^356©J±i±;S^$: 

^®©ls 1 5=- v 7izmmn$L£ Ltfists. 

[ 0 1 6 5 ] m 3 7<± % X^— ^©fEji->X^AC4b* 
^t, LS IftfflD AC£cfcrJ t ADC©a*S«t©{fi£ 

20 b, DACffl©aipS^«»ipS^©S^ffiS:ffiffl 

u ADcm<D&mnmz&mmffi.m<Dmffi.m<Di.5m 

[0 16 6] 03 7Ci'l>T, m 1©LS I^>vX361 
{±, ^35 (««3>ho-7) ©SW«S#.360^^ 

25 A^1-5Sip*m5rNM0Sb5>^X^363, 364^?>^2> 
b 5. 5—lHlS&-C-S{^ C©*ip««t^PM0Sb^> 
i^^^365 N 366iP^)&.|)>!j^> b 5^^— 0g&T-^(tS. 
±I3PM0S b ^ > ^X ^ 365tC tt, $ h \Z PMOS b 5 > i? X 
^367*5* U> b Xv—WfcZtiX^** ZCDiMS, PMO 

30 Sb^>^X^366©^"i'X$:Wfc-r5t> PM0Sb7->^ 
^^367©1t-YX{il.5xW^i§^$tlTV^. 
±f3PM0S b 7 > v'X ^366©t±Jij«^Sr D ACfflffllf 
Sl^tbT««&U PM0Sb^>^X^367©tli^a;iStS: 
ADCffl©*ip*Mi:bTtt^-rS. i2©LSIf-> 

35 X3624k buIB^ 1 ©L S I^yX361fc|^«l©flt]Eij<;£W 
b, iHjflliCliK^-rs,, fcfdb, m 1©LS I^>yX361 
h{iSU©SSittB^£§tt?.o 

[0 16 7] <Sgl 3^SiffJ«>HiiI3bfc^^^-5 : -x 
-^^©eiiv'X^Aic^V^Ts iaSCLSIi^ffl 
40 m^&»IS©L S I fce^S«-&s SifitA^SrAD^ 
& b£«£Stb-D A^«| bT«^tB±;^t-?.©tt5e!j*A s 

n^. c©.^^aj«bfe^i 3^ssy^«tov^T, 

[ o i 6 8 ] m 3 8 it. m i snmmizi&ZTj 
45 ^x— y^m^titzBm^^Aizm^-r^^t »; ls 

[0169] 038 tC^-T^ ^'JLSIlt ^gB 

7 s — fH&lC^^tlfcSitA^S©^ ^ A^[slSSg|J24 

ttu z&r— ^A^@K®©ADCia*-?,ai^i-r?>s 
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^35^- 9 u t: mm t % mffifcvmmu t & * t z . 
[0170] ±tmvmm®mzmz. wm^-^xti 

(HKg|5241©SiaA^ffl©NMOS h^>^^^16K:* 
l/>h?7-g^nf;NMOS h7>^^^245i;^ 
wODNMO S F^>:^#245©miSt#Jitfx£^;*JC, 

H3£tf Kl^f >§lllfcPMOS 
246i:, CODPMOS h^>^^^246JC*l^> h 5. v — 
S^^tlfePMOS f^>S^*247£:, CCDPMOS 
h 5 >5/*^^247t«gittB^>' - h* i:OMfcSa**ii, 

tlZW.ffimxkm(DPMO S h- ^ 248 i:**^ 

[0171] BUIBHSittH^McD5 i -^ai*IiE&^ 

243tt, mmutfjm&PMOs b7>i?z*i5tmmiii 

EWD^tl^PMOS h v>^^^249* s lfX^^n-r 

[0 17 2] L-fc#^T, <g^/PASS**#iStttt!B ( "H 
IGH" ©B#CB:, B«E«£&ffl©PMOS 

^^^248A^ 7 ^}c«: f), miStm*ifli©PMOS b- 
5>>i^*249#;fr >3, WB^tU-feA'Tl/ 

^242*>?>m^-rssjE7 ; -^ Dtm^-^^m 

[0173] CftfCftLT, {f^-/PASS#tS<Ktt*g ( "L 
OW" V^JV) IZtt&t, t^fiSfl©PMOSh7>^ 
X*2A81fi*>#.1Bts WUJ*ffl©PMOSh7>f7 
*249**:i-7tt«Kfc BU@!©L S I A 
£AD^&W£^©ii£m^W;t;fcLT&f£©LS I 

[0 17 4] ±13^1 35£ffly&«iK<fc*l«, «8EA#ft 
AD^bt»tBVDA^LT®ttti*t5*^i: 

[oi7 5] <*i 4mmm>mmuit^ v-r* 
at i hsucrb e. -r, asaw©^-^ £mjr-t s 

[0176] II 3 9 fcfc, fl4 SgflBKigtr^ST^ 5>— 

[0177] CC^t'JLS IfflT^'A^rfHjS&SefC* 

bS&&7— b {CBPiD^tlSNRQ S h-5->i?:**-251£tf- 
LTAD C19tCA:*Jl/, CCQADCm^tS 2.M£&fcB 
tiT^— * 1 (MUX* 252lc«fc D 



p< ; t l J-fe;i/TH'242, Ui^^^(A) 25343 .tVl^:** 

(b) Z54ica»w«jt«rtft-rs- i&t^v**? 

W242, VVX#(A)2S3}$£V t l< 254* ?>© 

ttS;^-**, m2©MUX255{C«t»3 3l^e<Jt«J!3g| 
05 X.TD AC14£A2jU C <D D A C 14££ 5 10jl^&ti5 

^jicis ufcMaEfttesi-Y *-?)\<m ^PAss#y- h 

AD^n^PMOS h v>^X^249Sr^UT^ay©^ 

[0 17 8] mil6fJl©^a55 :f -^^e.©A^m 
10 M*ti8Ste3llllBS244t: A* U fca-f ^U®^PAS 

56££1>*{I^/PASS#^- hfCEfrbD£*l3PM0 S Y"? 

is [ o 1 7 9 3 <» 1 4mmm<Dg.Mm>mmm 1 431 

20 [oi80]H40tiujBi inmmmmmmizmz 
ls 1 zmv&&)lZ7n-t®3&mx-&2>. 

[0 18 1] 04 Otr^-TLS Hi, 03 9ft#JHLT 
ilLfcL S I tit^T, AijmMSrAD C19tc«t t)S 
it Lfe^-* Ct*JxSi»if*3V> F 7^—^26 
25 HcA^-TSo ccd=j^> 1*5*3— **261«:, ituie^— # 

n - K Hi*T*fe 4ffi*W«J«eM^PASS. /PASSaJrStt/^ 
S14^$iJffllt-2.o BP*.. A^S^*«^iaila3SS244lc 
«t D<E36S#4»^ttt> M^PASS, /PASSSStt<bU 

30 (fl^PASStt "HIGH" , ff^/PASStt "LOW" ) , sufB^ 
-^fcStfDACUtJ; fJ^glbfeg^-gft©^-^^ 
tB^-T'2.^-&t:{i^ fl^PASS, /PASSS:#rStttt«t-r 
•5 ({f^PASStt "LOW" % M^/PASStt "HIGH" ) . 
[0 18 2] ±Kfg^PASS, /PASS*»tStt^bLfcfift 

35 ttx SSKteMffl hv>^^^248*S3|->««, ^-^tU 
h 5 > *> 249*^- t) , HUiBfs-^PAS 

^248* s ^-7tt«, 7 : -^tb^fflb7>>?^^249*^-> 

40 [0 1 8 3] <»i 5*»^>04 nts mi 5mm 

Mt5^€'JLS I£fg«&#Jfc:5vf@g&|g|T-$>S. 

[0184] Cffl^t'JLSIlt 9 s — # (DQ) CDfeiH 
^E&i:Eead/Write^:i:-CD»e^/T Hb^ft^ (HQ) 

45 (Dfemmmtz-frmisX^Zo 

[0185] fiP*.s t 1 — ^ (DQ) ©£M«Stt, 039 

-TXsWZXL 255, 2«CDUy^^(A) 253, \s f J7.# 
(B) 254^«©Lfe«BKilS(S^-C^oT, giJ^ftl© 
50 5 s —* A^iF^fl^^ A^jDQINSSIt; '&8kM<D 
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[0186] ;mc*n,-c, mfflm^/TYuxm^ 
(rq) ©cau&s&ii, mmmmmm^/TYvxim 
xtmfrtzwmm^/T y i^<t ^A27RQiN£gw-s« 

«AAS©f6iJ»«^/7' Kt-^{l^A^Jtll^gl5271i;, 
3 © A^3 HESSC© A D C 1 9a*> 5> ffl^ £ ft S SEt*— * 
£7^ — KU teiH-r ^— ^Mf^-PASS. Read/Write& 

AilfflCNMOS b-7>^^^273{c*U> h ~ 7 — & 
l^feNMOS b^>^^^274i:, £©NMOSh 
7>^**274©m3St#ifcft.5'7- 1- • 
^Sis^tlfePMOS h^>^X^275t, CfflPMO 
S bv>> ! ^^275{C*U> b 5^-»«ar*U KU-f 

gtmcDumm^/T Yv^m^mzumm^/r y 

fa^S^tB*RQ0UT$:tB^-rSfeK)©PMOS h3> 
^>*^^276i:S:*t-?.o 

[0 18 7] <*1 6 H»^>H4 2tt, SB 1 6 USE 

mmizmzx* -mmztitz&m > * t a t * 
* «j l s i £fSB&$j(c^-r®6&H-efcs. 

[0 18 8] IC^tHS Hi, 0 4 1 £#J8LTitu 
ILfe^tU L S I hit^T, ^i'-gSitWJc-tS^ 

5 s —* (dq> (Dfcmms&izj3^xm$mmn& 
azmmm^/TYvxm^ (rq) ©c^ssf-^ 
t, *n*ft««EiEi£ii»s«*u {i^/passc^* 

7Mm *f/0E £ ffl V \X V > S &&mt£. 2> « 
[0 18 9] ^ffl^t'JLS IOCSSS'^AiiCAta 

;&iwm, 0 4 i lt bum Lfe^tusi ©c 

j^>X7^At©Adl:*/i&#i:it^Tx 
Afc©MfS:/n h:n;i/©*@«l;:jSDTg&3A^ 
[0190] <* 1 5SOI0gJB*i J:tf* 1 6SUBBJB© 

mimzm>mam 1 5^dSfl5«*«tv« 1 emssMis 
c*^tu\ mmm^/T y uxm^zm t&mms&x- 

&frm? 3 c i: * pit It? ifc s . 

[o i 9 i j <» 1 5suifijBj»*i«ttf» i 6mmmm(o 
m 2 mm>mizm 1 5 vsb 1 6 idG^s 

tCjfc^TB:, 7 s -* (DQ) ©CiSI£»fclffl»t*T^S 

6lcittbD£«S»^ttx ^ntjt&bT^-* (DQ) CDC 
2SII»«IiD-i-;htf J:v>. 

[oi9 2] <mi 7nmr*m>mi2istimM<DBmT- 



[0193] E14311 mi Tmmmizvkzzrj 

=}■ x - >jg^©Cit v-^ t 1 A tr^-T T'D v 9 MX- & 5 „ 
[0 19 4] CCt-B, 1{@©^ ijn> hD- 7291 
05 t^lSf@©DRAM292* s **[Rl©2*:©7 r -*r®la, 1 
blC & Q 7* >mffi£ti. :3> r D-7291# 
290 C ^ £ *l S *&© ^ t 1 A«JES$: tt, b T 

[0 19 5] ^©C^^^^A©^^ «;n> hD- ^29 
10 ItiU *ny^M9«29356»&A*f SWEE*— K©^o 

>^ ^{f-^^sttK*), ^nftmat*- k©^ n 
mti iz =r— v saEsas-r s «fc a tit v> s . 

[0 19 6] C©CM>'^7 i A©DRAM292t 
15 *v>Ttt, «iKE19Ai:SUfc«toC^hD-7I 

[0 19 7] d©»-&, mi 9ACwb&t«K5'f7 
[H]SS©m±»SP©DAC14ai:bT> «lffl2 0t:^b 
20 £cfcdfc0S&£IS:t:K X ND-^fi^STRBlcf^^T^D 
ry^e^Clock*ffiffl-Tix«J:i>. ±IB«*1*5 
■i mBOA*»©ADC19ai: LT> ^J^.«E2 1~ 
02 3 £7fsLfe<fc?&[5]gg£ag:W\ ^ h o — 7"{f ^STRB 

25 [0 1 9 8] 04 4fciu 04 3 tC^bfeCjM^X^At 

9m<D—m * mi- mmx & s . 
[0199] <ii7 mmBM<Dmm>mm? ov* 

[0200] 045 (is ^i 7msmmxDSSMmc9(ti 

35 £EC^-rs@8S©— #l£^-ria]B&0-t-&£o 

[0 2 0 1 ] 04 5{Ci5V>Ts 3> Y^ — ^m<Dmi(D 

Lsi32iftt> mm;- Ytmm.y'— Ffcomtx a 

icEpjjD^n^NMOS ^7>^^*323^3J;y t ^*H• > 

timmzfemztix^ho mm\^ mzzmms-Ytm 

fcPMOS h7>^^*325^3«trfNMOS hv>^ 
^326*WUfc^^ti-r^S. ±!22<B©NOS 
45 > s; ^ * 324*5 <t t>*326» v*— h fflSA 5 ^ ?nt*l/> 

MOS h7>i'^i' 327AK buISPMO Sh7> i^^*3 

[0 20 2] ±§B«|j6£©3£ 1© L.S L32tC:i*ltt. ^ 
50 ifcai;bffl©PMOS h7->i/^*32.7© b*U>f yfrbtih 
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WSlS^^n y ^Clocki: UT^©ff 

[0 2 0 3] |2fflLS I322T-tt, FW>- 

^-biT? ItfM^tlfeNMOS b^>^**328Kl 

4"-b • >£T5 b#g^£ftfcPMOS h7 

> * 329*5 iOTMOSh7>^^ 330AWJ£& 
IfcSftTiStK ±fBNMOS b^>v^*330fcfcii<ifBN 

mos b-7>^**328£*u> b x^— t&mztix^ 

2>o iiuSBPMOS b^>^;**329£PMOS 

h^>> ; ^^33i* s *u> b 

[0204] $t>iz, mm; — v Kt©w 

tC, tt¥«dfES!BGU3^V KU-f > • -y- hif-5 b#Jg 
i^ttfcNMOS b7>^^^332*SiS^JiC^^tlT 
OS„ C(5DNMO S h^>^^^332(CNMO S > 

OS b 7 *333cDb*H- >fcti5fBPMO S b7>> 
i^^^331© h*l/-f >£gc^£tVO -fit, ±IB 
PMOS hv>^^^331iS«fct>*NMOS h7>^M 
33© Kl/^f >«S«tt>'- K fcii«ISI»334#S«s3*i 

[0 2 0 5] S2fflLS I 322©a^SMjgBGR 

©«»fc££§ 1 CD L S 1 321©£$ttttS(BGR<ZMt?jiE2:« 
b<iS:J£bT;fctx *2COLS I322(C*3W-S.NMOS 
b^ yVTs $ 333 C PMOS h v>^^33lC0S^ffl^ 

[0 2 0 6] ±IB«JBS;©m 2 CD L S I 322£ «tn«, If 

d v t m^mmxtimiz busbp m o s b 9 > ^ * 331 
m^mmxtiz * d » * m^ms. b t w 

TjU P>i)g)5lHlESt«$&-r?.-i:* s ^IteT-$)€.o 
[0 2 0 7] <SB1 81»^>i4 6(igl 8£gflffl$ 

JSJcfli se&^X t=- A £ m-f 7X3 y $ it $> 3 „ 
[0 2 0 8] ZtDfcmisXT-Ixlt, S5t^Ltf 51 

Sn^ffi^tbT^ig^-B-, 

$-&tzzh:&mte*). -ecDffe{ii5ibT-$)S. 

[0 2 0 9] <Sg 1 9IKi>i4 7 ttSB 1 9 mffiM 

[0210] *mifi, m 3 8 izni bfe» i 3 mmmiz 

CCDfcto, H3 BCwbfcHi&iiHWlOlllKtfT*— ^iS 
©SSISOltcBB^ft-c^S.r 

[0 2.1.11 =i> her— ^^.©7=— **§Sffi!l302. 



<l£j£II]S§303#Em£ftT^3. S^tei^lHlK303 

244fcM^oTV^„ 
[0 2 12] ±13«^te^lelSS303O:, 114 7lZm?& 
05 SSSA^;ffl©NMOSi:^>^^^304i:, c© 

NMOS h7>^X*304iC7Jb> b 
NMOS b^>i^*305i:, I©NMOSh7>^ 

^itbfePMO S b^>S^£306£u iCPMOSh 
10 ^>> ; ^^306tC7Jb> h ?7-^S^tlitPMOS b 

^>^^^307fc, CfflPMOSh7>^^©FL-f 
ftftto&^-KfcOHCSMJISfU y-b£(!S§ 

PWfeSftVSSftgttSPMO S b^>'>-;**308i;£* 

t5. PMOS b7->i^*308£#B&U PMOS 

15 b 5 > i?^ ^ 308 ft Hi * K fflfi t:»« b T * BUHttflK 

[0 2 13] <^2 0SUE^J^>E4 8fctlg2 03IJE7& 

mizmzr-i v-^^->mm£titz&m~>x^&izm 

20 [0214] *#>J#, 047Cf>bfe^l9 HJE^ffit 

> bo— vipf>©7^— ^'j§ii{PJl302T-fTac fr-fc-So 
'CDfetos 1213 S^^Ufelelggfc^cDESg^^— 
25 jM302{3iae^nT^5o fit, a>bo— ^ipt>CD 

«lte^[ilS&303AsgHB$nTV> So 
[0 2 15] <^2 I*ffiff^«>i2l4 9(i^2 1 ^ffiff^ 

mizmz^j is—r^—^ffiztitzfemisXTAtzm 
30 ^-r*^*y ls i &tt«sa«jfcjj*-*-iHi»B-c*s. 

[0216] H 4 7 b&SB 1 9 Hffi^ffit: 

^ aMIffSOlTff ^-^ JUtj ft^-^ M»« M302T* 
ffac^T-feSc ^©fc»s Sj£3E&HS&303©5*.s 
35 tBTJ© ft«J5Kt-?» PMOSh7>^^ 307, 308&r- 

fmmwmiz&mzti, xti^m^t^^Most 

=7-sV7.ZWk 305, PMO S b^>i^^^306{i7 ; — 
tr 'ffiSMWZlz BBS £ fit I ■> S » 
[0 2 17] Sfc, *^J©<td(-> "f—^Xts^—^ 

40 aiMWsoi-cff&vv 7 ; -^iJB7jft7 ; -^'isa{pji302-r-fT 
y)ft, s?— 7 e -^->^^tifea»©^ ; & , ;7 e --v7' 
a«SM@^3iitt, mtti^^^3i2Ktttt*n&a 

2.42iPS©5=— ^tli?jft, 3> bn-^A^^l^b-f =r 
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ip-ID©-fe<y h^fcttc, "rj ^x.— >©«JJ8Wb£ 

<toTi3it^n-i>o ftt>i£<,^*ui4, e&A^M^ 

^>>-£-fe'y b£ti£o ilM^— *©-tr<;/ h;£i£J4, ch 
ip-IDOD-tr^ h^mtmm-r:$>^o MMT-flzmbtz 

[0 2 18] <^2 2 3lS6ff^g>l2l5 0«4Sg2 23Hlfiff2 

-g-r?.^^ U LSI £fglB&l$£^-f[S88ElT-&5. 
[0219]*19, f 20> ^21 SdfiJKJBTf tt^- 

bv ®35# £ film t £ o 

[0220] ei 4 7 bfc^ i 9mmmmt 

mte&tzzbi, 7KU^OT, *5£V3 v> H{=^£ 
AD^"T?)ADC19ai:, CfflAD C19a^^»{±i^$tl 

Kff^^ai*/^-S7 r 3-y272$:#-r5Ch-?fe5o 
[0 2 2 1] «Sfctej£ISB&244'{4, ^©tfc*/©£ 

MtSPMOS h5->^^^248'(D^- hC, HE&F*] 

[0222] <m2 3nmm>m5 i&m2 smnm 

[0 2 2 3] I50t*bfc^22 ^mfcMlZ 

^-^ttS^^ft^ft, **U^\y:7°i*|£B&tte>*i£3 
> ^A^©^— ^'JSilfJ302T*fT-5^i:T-$)?>. 

f IT> 3> hP-7*^©^*— *3£fs0J)3Ol£l4, ^ 

[0224] <m2 4nmBm>M5 2&m2 4mmm 
-g-rs^^u ls i §:©Bgat){c^-riiissiiT-$)5. 

[0 2 2 5] ^JA 5 , 0 5 0 ^Lfc^2 Z^MBmiZ 
iS^f'JLSItl^litC?^ «^tB^/y-K31 
9*:, «§itA?J./'-K320£:£, h7>^7 rV- MhISS 
321C«tt», 5tMCg$SLfc£iiT?feS. h7>^7r 

m§»32ihu u*sx*322t>e>mt>zti&mwm^ 

EDGE, /EDGEtJ:»)«iJ«I*nS.-'««l^EDGB*s "HIG 

h" , mmm^/miifi "low ©t£, sak^y- H3 

19J4, matA^y— K320CfiM«$ixS. Cfflfeto, « 

EDGE*! "LOW" , fft|fflI{&f§/EDGE# "HIGH" ©i:§, ««St 
*i]Mi^EDGE©#Sfcfc. ^+32— ^=t— ■ ^©«0«fb.tC«fc 



[0 2 2 6] ##U4, 5=^ ^i-V©^^, #J;£ 

«E4 6»c^bfe^i 8 mmmmcD <t ? t- n fe±§-&£ 

65. oiD, Z ©WIS, J. v ^©5=" * 7" 
05 ^ffltS.^ttfr^S. 

[0227] <^2 5 , mmmm>m5 3&m2 

[0 2 2 8] 047 fc^ Ufcfg 1 9*ifJit: 

10 u ls 1 trntzztzziz. %2 4mmmt 
mmiz. mmmtis-h'mt, mm.\t>;-v32ot 

[0 2 2 9] *#IT-4k fWSIHi^EDGEAS "HIGH" , Mffl 
15 m^/EDGEAS "LOW" «8ttH;fry — K 319(4, S 

*j^H301*»&^— **HMH3Q2fc> ^ ^ 'J ^ * 

Sg£, 0a*ttBI4 6t:^L/fcJ(5 1 8l5aiBJ&«OJ:^tBB 
20 tfc*^£#38rT?fc£. 

[0 2 3 0] <^2 6*5EJf$«>H15 4tt^2 6%MS& 

mizmz^j i?—^^->tgffi$titzfcmi/X7-2xtzm. 

&t -S^^'J LSI S:®B§Btl{C^-rillE&0T-feS. 
[0 2 3 1] ±B3SISi^^T-tts ^-^^iHSfft-S^J 

[0 2 3 2] U*»U t^— T Kl/^*5J;lf3V> K 
^^tl-etv— £. t«)l:bfcW-v h(packet)&, iiSff 

30 g«ca^*-B-fc«fcn-r*. 

[0 2 3 3] 2fc0iJ#\ i47t^btil9 *SEffJ«(c 
^S^^eU LS I i:fi&£i:c:3fci:> ^s»hr3- ^* 
323, T Kl/^n— ^324> 37> K^n— ^325, U 
i^^^326, &&VK>ry Y^>zi-V327^-t?>Zt 
35 T'&So 

[0 2 3 4] h^n— **323tt, XtlZtitz^V 

242£A;>j£*x, |Bj«ic^«$nfcT Kl/^JsiW 
40 v>Ftttn*n, 7HU^f3- 4^32443 «tV^V> 
p 5^3 -¥314\Z X± * 5 . 

[0 2 3 5] T h'l/^f3- ^324(i s A*$nfc7K 

r L-T242, ii«tl5U^^^326{ca^-t5. 
45 [0 2 3 6] ^5*3—^32514^ XtlZtltzZi^ 

>F$r3-FU 7=3— K Lf;3?> KtClSo^t^ 
(PASS, /PASS, WRITE, READ, INIT) SrtB^j 

-Ti>. 

[02.37] U^^32fi»4, chip-ID£rS3<rr chip 
50 -IDtt4, 3 > b tx— 7, is«tl^^©3> ha- ^t^5= 
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tzmfflmx'tz, chip-iD{cii-rspb^iiB^^«BSb 

[0 2 3 8] 3> hD-^ ©chip-ID* "0000" 

lichip-ID "0000" 7^^-^x->Jg£!;*ftfc$fc 
sl©^ D *:/f;: jiff -T So d ©chip-ID "0000" £ 
gtt&^U^yT'fcfcdftlc "l" ^MtLX "0001" 

g#©chip-IDi:bTS^T?>. chip-ID "0001" # 
e^tlfe/^U^^7*(i> chip-ID "0001" ^-T 
y — x- >&g£;sftfe&©.x ^ 'J 5=- €»» 
^©chip-ID "0001" $:S(tfep(* U^^T-ttdtlic 
"1" "0010" g#©chip-IDi:bT^-r 

s. -©ia^joaSv 7*4 v-r^->mfmztitzA 

^Vfj7±X\zMhX, MfrfroziiX, 3>hD- 
U^^r^n^ntM^ofcchip-IDSrg^ 
tS-iltff^S. e^^fLfcchip-IDtts 

T> ^-^JOaii, iiMfa^ttfcchip-IDtcl-aSt"^"2>chip- 

[0 2 3 9] U>?^^326tt, C©<fc?&chip-ID£I3« 
-TSo ^L-Ts j£{f £*lfcchip-ID*^ b^^^326tIS 
It^tlfcchip-IDiC-^abfeJ®^ 3>hn-7^tc 
hip-ID, *5it^3> hD-^-xO^-^tii^T-feS ' i; 
SrSVfa-K*. *1x?t\\ht)-?Z>o ^m^^V^yy 

■ifimtjvtz^-^^, ?j i>—?-^—>mmznx^z> 
ffe© A * >J ^ «y it si £ & v * <t o \z -r s fc & 
s. 

[0 2 4 0] hai>r3-^-327{ot, ^^E'J-b;i/T 

(±l^^tlfe3> hD-^y:/£5Vrchip-ID N *5«fcl>* 
i>3-FU ^yHot> DAC14 

fct5*/£ft£>o 

[0 2 4 1] <^27 ?I,S6ff$*i>0 5 5 tt^ 2 7H«fc 

-g-rs ^t'jLsi ^m^^m-s-m&mx-tb s. 

[0 2 4 2] 054 \Zm Vtzm 2 6H»2*Bi: 

^-^mmmzoixn^\ ^-^tati^—^mm 

ffi!l302T-tf r> «fc-5 K bfcd ttfe t), ^©flfettiSKlHffll 
©*E£T-feSo 

[0243] nK± s *&m*. mi~mz irnmm^ 

lzmfe2tiZt><DXtS:&< , ^©fgfitetatD-afcTH;, 3& 
T-$.So 



[0 2 44] i:^ f l~^2 7Hffiffm * 
tz ttSaSta^fr-g- T HJfi-r 5 d 1 1> ^ItoJigT- & 3 . 
[0 2 4 5] £t>C, ?gl~Sf§2 7JUfiJfc®JcH:«*© 

05 fc«»©«J«Bfl : ffl«i[*e*^to*tJ:t»x «*©« 

pg©^s:am-r * - 1 *«&fli-c**. 

[0 2 4 6] 

[^©^] ±MLfc<fc-pt^ #SgB£©:r-* -fl^ 

mm£&iMixttfo-}-zm$<mx&izi5^xt>, r—* 

frd-i:*spIfiEK«eSo 
15 [0 2 4 7] d©ot^^m^7 r -^©^-fI'ft;$rff oil 

fzV-DXs LS ICD*?ffl««Mbfcfls^«B«Ex ^§15 
e^«©S«*E©<ftT fc *> if A * £ # 8 » & 4 . 

^«[ftt«t»), Afi©^-^©jiiSf§* s qjtg^'&So 

[mB©®*«tSoK] 

[01] 0U±^lHi6S}K<oi{c«SLS I©— 
t7o \y^0o 
25 [0 2] H2tt»2^JBBIBt:«4LS ICD— 
•TT'D >y^0 o 

[0 3] H3tt8(S3*«jeM!C«R*LS I©— fflJft^ 

[04] H4ttJ64|QI0BJ8C«4LS I©— 
30 i-yvypfflo 

[05] H5tt»5*JBKJBC«4ea^y-Aftw 
•Tt'd >^^0„ 

[0 6] 0 6tt0 5£^-rej£>-.X7 i A©— IWWJ* 

^-r?s?^0. 

35 [0 7] B7ttSB62QB&«C»*e«*xyA*^ 
[0 8] 0 8ti^73l»^lc^S{Ki£.^^7 1 -AS:^ 
[0 9] 0 9{ot0 8^^-re3i^^7 s 'A©--^{?iJ& 

40 ^-r$yfc0o 

[0io] 0 1 o am 8 ^ssff^^c^sisaiv'^ a 

[011] 0 1 1 ttft 9 HffiifJI«5nA.CO-i 
SS«?iJ$:^-r0S§0o 
45 [012] il2ttil0 AD C©- 

®f&wi&^-riHi!&0o 

[013] 01 3fcttf§l O^BmmiZ\^ADC(D- 
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